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Foreword

The International Organization for Standardization (ISO) is a worldwide federation of national stand-
ards bodies (ISO member bodies). The work of preparing International Standards is normally carried
out through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International organi-
zations, governmental and non-governmental, in liaison with 1SO, also take part in the work. 1ISO col-
laborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

Draft International Standards adopted by technical committees are circulated to the member bodies for
voting. Publication as an International Standard requires approval by at least 75% of the member bodies
casting a vote.

International Standard ISO 10303-2?was prepared by Technical Committee ISO/TC 1&dustrial
automation systems and integrati®@ubcommittee SC4ndustrial data

ISO 10303 consists of the following parts under the general title Industrial automation systems and
integration - Product data representation and exchange:

— Part 1, Overview and fundamental principles;

— Part 11, Description methods: The EXPRESS language reference manual;

— Part 12, Description methods: The EXPRESS-I language reference manual,

— Part 21, Implementation methods: Clear text encoding of the exchange structure;

— Part 22, Implementation methods: Standard data access interface specification;

— Part 23, Implementation methods: C++ language binding to the standard data access interface;
— Part 24, Implementation methods: C language binding to the standard data access interface;

— Part 26, Implementation methods: Interface definition language binding to the standard data
access;

— Part 31, Conformance testing methodology and framework: General concepts;

— Part 32, Conformance testing methodology and framework: Requirements on testing laboratories
and clients;

— Part 33, Conformance testing methodology and framework: Structure and use of abstract test
suites;

— Part 34, Conformance testing methodology and framework: Abstract test methods;

Vii
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— Part 35, Conformance testing methodology and framework: Abstract test methods for SDAI imple-
mentations;

— Part 41, Integrated generic resource: Fundamentals of product description and support;
— Part 42, Integrated generic resources: Geometric and topological representation;

— Part 43, Integrated generic resources: Representation structures;

— Part 44, Integrated generic resources: Product structure configuration;

— Part 45, Integrated generic resources: Materials;

— Part 46, Integrated generic resources: Visual presentation;

— Part 47, Integrated generic resources: Shape variation tolerances;

— Part 49, Integrated generic resources: Process structure and properties;

— Part 101, Integrated application resources: Draughting;

— Part 104, Integrated application resources: Finite element analysis;

— Part 105, Integrated application resources: Kinematics;

— Part 106, Integrated application resources: Building construction core model,

— Part 201, Application protocol: Explicit draughting;

— Part 202, Application protocol: Associative draughting;

— Part 203, Application protocol: Configuration controlled design;

— Part 204, Application protocol: Mechanical design using boundary representation;

— Part 205, Application protocol: Mechanical design using surface representation;

— Part 207, Application protocol: Sheet metal die planning and design;

— Part 208, Application protocol: Life cycle management - Change process;

— Part 209, Application protocol: Composite and metallic structural analysis and related design;
— Part 210, Application protocol: Electronic assembly, interconnect, and packaging design;
— Part 212, Application protocol: Electrotechnical design and installation

— Part 213, Application protocol: Numerical control process plans for machined parts;

viii
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Part 214, Application protocol: Core data for automotive design;
Part 215, Application protocol: Ship arrangement;

Part 216, Application protocol: Ship moulded forms;

Part 217, Application protocol: Ship piping;

Part 218, Application protocol: Ship structures;

Part 220, Application protocol: Process planning, manufacture, and assembly of layered electronic
products;

Part 221, Application protocol: Functional data and their schematic representation for process
plant;

Part 222, Application protocol: Exchange of product data for composite structures;

Part 223, Application protocol: Exchange of design and manufacturing product information for
casting parts;

Part 224, Application protocol: Mechanical product definition for process plans using machining
features;

Part 225, Application protocol: Building elements using explicit shape representation;

Part 226, Application protocol: Ship mechanical systems;

Part 227, Application protocol: Plant spatial configuration;

Part 228, Application protocol: Building services: Heating, ventilation, and air conditioning;

Part 229, Application protocol: Exchange of design and manufacturing product information for
forged parts;

Part 230, Application protocol: Building structural frame: Steelwork;

Part 231, Application protocol: Process engineering data: Process design and process specification
of major equipment;

Part 232, Application protocol: Technical data packaging core information and exchange;
Part 301, Abstract test suite: Explicit draughting;
Part 302, Abstract test suite: Associative draughting;

Part 303, Abstract test suite: Configuration controlled design;



ISO/NWI 10303- ©1S0

— Part 304, Abstract test suite: Mechanical design using boundary representation;

— Part 305, Abstract test suite: Mechanical design using surface representation;

— Part 307, Abstract test suite: Sheet metal die planning and design;

— Part 308, Abstract test suite: Life cycle management - Change process;

— Part 309, Abstract test suite: Composite and metallic structural analysis and related design;
— Part 310, Abstract test suite: Electronic assembly, interconnect, and packaging design;
— Part 312, Abstract test suite: Electrotechnical design and installation;

— Part 313, Abstract test suite: Numerical control process plans for machined parts;

— Part 314, Abstract test suite: Core data for automotive mechanical design;

— Part 315, Abstract test suite: Ship arrangement;

— Part 316, Abstract test suite: Ship moulded forms;

— Part 317, Abstract test suite: Ship piping;

— Part 318, Abstract test suite: Ship structures;

— Part 320, Abstract test suite: Process planning, manufacture, and assembly of layered electronic
products;

— Part 321, Abstract test suite: Functional data and their schematic representation for process plant;
— Part 322, Abstract test suite: Exchange of product data for composite structures;

— Part 323, Abstract test suite: Exchange of design and manufacturing product information for cast-
ing parts;

— Part 324, Abstract test suite: Mechanical product definition for process plans using machining fea-
tures;

— Part 325, Abstract test suite: Building elements using explicit shape representation;

— Part 326, Abstract test suite: Ship mechanical systems;

— Part 327, Abstract test suite: Plant spatial configuration;

— Part 328, Abstract test suite: Building services: Heating, ventilation, and air conditioning;

— Part 329, Abstract test suite: Exchange of design and manufacturing product information for
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forged parts;

major equipment;

Part 501, Application interpreted construct

Part 502, Application interpreted construct

Part 518, Application interpreted construct

The structure of this International Standard is d

the International Standard reflects its structure:

Part 503, Application interpreted construct:
Part 504, Application interpreted construct:
Part 505, Application interpreted construct:
Part 506, Application interpreted construct:
Part 507, Application interpreted construct:
Part 508, Application interpreted construct:
Part 509, Application interpreted construct:
Part 510, Application interpreted construct:
Part 511, Application interpreted construct:
Part 512, Application interpreted construct:
Part 513, Application interpreted construct:
Part 514, Application interpreted construct:
Part 515, Application interpreted construct:

Part 517, Application interpreted construct:

ISO/NWI 10303-

Part 330, Abstract test suite: Building structural frame: Steelwork;

Part 331, Abstract test suite: Process engineering data: Process design and process specification of

Part 332, Abstract test suite: Technical data packaging core information and exchange;

: Edge-based wireframe;

: Shell-based wireframe;

Geometrically bounded 2D wireframe;
Draughting annotation;

Drawing structure and administration;
Draughting elements;

Geometrically bounded surface;
Non-manifold surface;

Manifold surface;

Geometrically bounded wireframe;
Topologically bounded surface;

Faceted boundary representation;
Elementary boundary representation;
Advanced boundary representation;
Constructive solid geometry;

Mechanical design geometric presentation;
: Mechanical design shaded representation;

escribed in ISO 10303-1. The numbering of the parts of

— Parts 11 to 13 specify the description methods,

Xi
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Parts 21 to 26 specify the implementation methods,

— Parts 31 to 35 specify the conformance testing methodology and framework,
— Parts 41 to 49 specify the integrated generic resources,

— Parts 101 to 106 specify the integrated application resources,

— Parts 201 to 232 specify the application protocols,

— Parts 301 to 332 specify the abstract test suites,

Parts 501 to 518 specify the application interpreted constructs, and
Should further parts of ISO 10303 be published, they will follow the same numbering pattern.

Annexes A, B, C, D, and E forms an integral part of this part of ISO 10303. Annex B is for information
only.

Xii
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Introduction

ISO 10303 is an International Standard for the computer-interpretable representation and exchange of
product data. The objective is to provide a neutral mechanism capable of describing product data
throughout the life cycle of a product, independent from any particular system. The nature of this
description makes it suitable not only for neutral file exchange, but also as a basis for implementing and
sharing product databases and archiving.

This International Standard is organized as a series of parts, each published separately. The parts of ISO
10303 fall into one of the following series: description methods, integrated resources, application inter-
preted constructs, application protocols, application modules, abstract test suites, implementation meth-
ods, and conformance testing. The series are described in ISO 10303-1. This part of ISO 10303 is a
member of the description methods series.

This part of ISO 10303 specifies the EXPRESS-X mapping language.

Xiii
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INTERNATIONAL STANDARD © ISO ISO/NWI 10303-17?

Industrial automation systems and integration —

Product data representation and exchange —

Part 17?7?:

Description methods: The EXPRESS-X language reference
manual

1. Scope

This part of ISO 10303 defines a language by which relationships of data defined by models in the
EXPRESS language can be specified. The language is called EXPRESS-X.

EXPRESS-X is a structural data mapping language. It consists of language elements that allow an
unambiguous specification of the relationship between models.

The following are within the scope of this part of ISO 10303:
— Mapping data defined by one EXPRESS model to data defined by another EXPRESS model.

— Mapping data defined by one version of an EXPRESS model to data defined by another version of
EXPRESS model, where the two schemas have different names.

— Specification of requirements for data translators for data sharing and data exchange applications.
— Formal specification of alternate views of data defined by an EXPRESS model.
— Provisions for an alternate notation for application protocol mapping tables.
— Provisions for bi-directional mappings where mathematically possible.
— Concatenation of mappings sharing a common model.
— Specification of constraints evaluated against data produced by mapping.
The following are outside the scope of this part of ISO 10303:
— Mapping of data defined using means other than EXPRESS.
— Mapping of data defined using the second edition of EXPRESS.

— ldentification of the version of an EXPRESS schema.
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— Graphical representation of constructs in the EXPRESS-X language.

2. Normative references

The following standards contain provisions that, through reference in this text, constitute provisions of
this part of ISO 10303. At the time of publication, the editions indicated were valid. All standards are
subject to revision, and parties to agreements based on this part of ISO 10303 are encouraged to inves-
tigate the possibility of applying the most recent editions of the standards indicated below. Members of
IEC and ISO maintain registers of currently valid International Standards.

ISO 10303-1:1994Industrial automation systems and integration — Product data representation and
exchange — Part 1: Overview and fundamental principles

ISO 10303-11:1994ndustrial automation systems and integration — Product data representation and
exchange — Part 11: Description methods: The EXPRESS language reference manual

3. Definitions

3.1 Terms defined in ISO 10303-1
This part of ISO 10303 makes use of the following terms defined in ISO 10303-1.

— data;

— data specification language;
— exchange structure;

— implementation method;

— information;

— information model.

3.2 Terms defined in ISO 10303-11
This part of ISO 10303 makes use of the following terms defined in ISO 10303-11.

— complex entity data type;
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— complex entity (data type) instance;

— constant;

— entity;

— entity data type;

— entity (data type) instance;

— instance;

— partial complex entity data type;

— partial complex entity value;

— population;

— simple entity (data type) instance;

— subtype/supertype graph;

— token;

— value.

3.3

Other definitions

For the purposes of this part of ISO 10303, the following definitions apply:

3.3.1

3.3.2

3.3.3

3.34

3.35

3.3.6

binding an ordered tuple of values taken from source data entity extents or view extents accord-
ing to the requirements of a view or map declaration.

binding extent the set of bindings corresponding to source data entity extents and view extents.

evaluation(of a view or map): the application of a binding to a view or map. Evaluation of a
view may produce a view extent. Evaluation of a map may produce entity instances in the target
data set.

inverse evaluation(of a view / map): the updating of source data values through the update of
(view instance / target entity instance) attribute values. Inverse evaluation shall maintain the
relationship between (view instance / entity instance) attribute values and source data as defined
in the (VIEW / MAP) declarations.

map a declaration that defines a relationship between data of one (or more) source entity types
and data of one (or more) target entity types.

view an alternative organization of the information in an EXPRESS model.
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3.3.7 view extentan aggregation data type having as its domain a collection of values of a given view
data type. An element of the collection may be identified by a binding.

3.3.8 view data type a representation of a view. A view data type establishes a domain of values
defined by common attributes.

3.3.9 view instancea named unit of data which represents an alternative organization of source data.
It is a member of the domain established by a view entity type.

4. Conformance requirements

4.1 Formal specifications written in EXPRESS-X

4.1.1 Lexical language

A formal specification written in EXPRESS-X shall be consistent with a given level as specified below.
A formal specification is consistent with a given level when all checks identified for that level as well as
all lower levels are verified for the specification.

Levels of checking

Level 1: Reference checking. This level consists of checking the formal specification to ensure that
it is syntactically and referentially valid. A formal specification is syntactically valid if it matches
the syntax generated by expanding the primary syntax syietg§x ) given in Annex A. A formal
specification is referentially valid if all references to EXPRESS-X items are consistent with the
scope and visibility rules defined in clauses 10 and 11.

Level 2: Type checking. This level consists of checking the formal specification to ensure that it is
consistent with the following:

— expressions shall comply with the rules specified in clause 12 and in 1ISO 10303-11:1994
clause 12;

— assignments shall comply with the rules specified in ISO 10303-11:1994 clause 13.3.

Level 3: Value checking. This level consists of checking the formal specification to ensure that it is
consistent with statements of the form, ‘A shall be greater than B’, as specified in clause 7 to 14.
This is limited to those places where both A and B can be evaluated from literals and/or constants.

Level 4. Complete checking. This level consists of checking the formal specification to ensure that
it is consistent with all stated requirements as specified in this part of ISO 10303.
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4.2 Implementations of EXPRESS-X

4.2.1 EXPRESS-X language parser

An implementation of an EXPRESS-X language parser shall be able to parse any formal specification
written in EXPRESS-X, consistent with the conformance class associated with that implementation. An
EXPRESS-X language parser shall be said to conform to a particular checking level (as defined
in 4.1.1) if it can apply all checks required by that level (and any level below it) to a formal specification
written in EXPRESS-X.

The implementor of an EXPRESS-X language parser shall state any constraints that the implementa-
tion imposes on the number and length of identifiers, on the range of processed numbers, and on the
maximum precision of real numbers. Such constraints shall be documented for the purpose of conform-
ance testing.

4.2.2 EXPRESS-X mapping engine

An implementation of an EXPRESS-X mapping engine shall be able to evaluate and/or execute any for-
mal specification written in EXPRESS-X, consistent with the conformance class associated with that
implementation. The execution and/or evaluation of a mapping is relative to one or more source data
sets; the specification of how these data sets are made available to the mapping engine is outside the
scope of this part of ISO 10303.

The implementor of an EXPRESS-X mapping engine shall state any constraints that the implementa-

tion imposes on the number and length of identifiers, on the range of processed numbers, and on the
maximum precision of real numbers. Such constraints shall be documented for the purpose of conform-

ance testing.

An implementation of an EXPRESS-X mapping engine may take many forms; the following sub-
clauses identify representatively, not exhaustively, the support a mapping engine may provide.

4.2.2.1 Support of VIEW declarations

An implementation shall be said to support VIEW declarations if it meets all of the following criteria:
— The mapping engine accepts a single data set described by an EXPRESS information model.

— The source data instances may be accessed through the evaluation of VIEW declarations.

4.2.2.2 Support of MAP declarations

An implementation shall be said to support MAP declarations if it meets all of the following criteria:

— The mapping engine accepts at least a single data set described by an EXPRESS information
model.
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— The mapping engine generates a single data set for a given EXPRESS information model.

— The source data instances may be accessed through the evaluation of MAP declarations.

4.2.2.3 Support of the propagation of updates

An implementation shall be said to support the propagation of updates if updates on viewed / mapped
data are reflected in source data by the inverse evaluation of the appropriate declarations whenever pos-
sible.

Propagation of updates is not possible in situations where any of the following hold:

— The view / target entity is derived from / mapped to two or more source entities by applying a join
operation. (For example, the view / target enpigrson_in_dept corresponds to the source
entities person and department  where the join conditiorperson.id = depart-
ment.person_id  evaluates to true.)

— Duplicates (with respect to value equivalence of attributes) which exist in the source data are elim-
inated in the view / target data.

— View / target attributes are derived from / mapped to source schema elements by applying mathe-
matical expressions that are not mathematically invertible.

— The view / target schema defines additional subtypes which do not exist in the source schema(s).

— Subtypes which are defined in the souce schema(s) are projected (i.e., not contained) in the view /
target schema.

— The sort order of source attributes of type AGGREGATE is eliminated in the view / target schema.

— Duplicates (with respect to value equivalence) of elements of source attributes of type AGGRE-
GATE are eliminated in the view / target schema.

— A single source entity corresponds to a network of interconnected view / target entities (by rela-
tionships or equivalence of attribute valt)es

4.2.2.4 Push mapping

An implementation shall be said to be a push mapping implementation if it meets all of the following
criteria:

— The mapping engine accepts one or more source data sets, and produces one or more output data
sets.

— The output data sets are derived from the input data sets by the execution and evaluation of poten-
tially all of the VIEW and MAP declarations.

1. The latter kind of relationship is comparable to primary key - foreign key relationships in the relational
data model.
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— Every instance in the source data sets is mapped as specified in the mapping schema into the out-
put data sets.

4.2.2.5 Pull mapping

An implementation shall be said to be a pull mapping implementation if it meets all of the following
criteria:

— The mapping engine accepts one or more source data sets.

— Specified target data instances are derived on demand from the input data sets by the execution and
evaluation of the appropriate VIEW or MAP declarations.

NOTE — This part of ISO 10303 does not define how appropriate VIEW / MAP declarations are identi-
fied.

4.2.2.6  Support of constraint checking

An implementation shall be said to support constraint checking if it implements the concepts described
in clause 9.6 of ISO 10303-11:1994 against entity instances in target populations and against view
instances in the view extents.

NOTE — The evaluation of constraints has no effect on the mapping execution model.

4.3 Conformance classes

An implementation shall be said to conform to conformance class 1 if it processes all the declarations
that may appear in a SCHEMA_VIEW declaration.

An implementation shall be said to conform to conformance class 2 if it processes all the declarations
that may appear in a SCHEMA_MAP declaration that do not contain any external references to a
SCHEMA_VIEW declaration.

An implementation shall be said to conform to conformance class 3 if it processes any EXPRESS-X
declaration that conforms to this part of ISO 10303.

5. Fundamental principles

The reader of this document is assumed to be familiar with the following concepts, in addition to the
concepts described in clause 5 of ISO 10303-11:1994.

EXPRESS-X provides for the specification of:
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— alternative views of the data described by an information model described in EXPRESS;

— the transformation of data described by elements of one EXPRESS model into data described by
elements of another EXPRESS model.

A SCHEMA_VIEWeclaration may provide declarations enabling the specification of the former.

A SCHEMA_MAgeclaration may provide declarations enabling the specification of the former and lat-
ter.

VIEW andMAPdeclarations may defineEROMlause. Thd&=ROMlause, through its identification of
source extents, establishes a binding extent. The binding extent is a set of bindings (ordered tuples)
from the cartesian product of source extents. The elements of the tuples are ordered as they appear in
the parameter_list of the FROMlause. The values of elements of the binding (elements of a
source extent) may be entity instances references, view instance references or values of the primitive
EXPRESS types. The binding extent consists only of those tuples for which the application of the
WHERIExpression of the declaration (an extensional membership predicate) does noFrEi@HES

Bindings and binding extents are notional constructs. There are no means within the language to
directly obtain or manipulate bindings or binding extents.

The VIEW declaration may define view attribute declarations. The expression of these declarations are
evaluated relative to a given binding.

EXAMPLE 1 — The extents opart andpart_usage_approval below are the sets of
entity instances (#1,#2,#3) and (#4,#5#6) respectively. The binding extent of
va